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DESCRIPTION 





METASTASIS INDUCINO DNA ' s 




The present invention relates to metastasis 
inducing DNA's, a method of identifying such DNA's, and 
their use in diagnosis and therapy. 

Most cancers are thought to be due to 
alterations in specific genes caused either by mutation 
making their gene-product in some way more effective or 
by over expression of a normal gene giving an enhanced 
effect. These oncogenes have largely been identified by 
introducing gene-length fragments of DNA from human 
cancers into a mouse fibroblast cell line, in culture, 
and selecting those cell lines that grow in an 
uncontrolled manner in liquid or semi-solid medium. The 
oncogenes themselves have been isolated by cloning the 
human DNA fragments away from the mouse DNA by standard 
recombinatorial techniques. Alternatively mutations can 
arise in genes that suppress their own activity such as, 
for example, p53 or Rb or which suppress the levels of 
their products such as, for example NM-23... These are 
referred to as tumour suppressor oncogenes. In the 
commonly-occurring cancers, it is believed that between 
5 and 7 such changes in oncogenes or tumour suppressor 
oncogenes are required to produce a full-blown cancer. 

WO 86/03226 discloses a method for detecting a 
discrete, transmissible mammalian gene associated with 
tumour metastasis. The method uses a non-syngeneic 
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system. The teaching was later retracted - Proc Nat. 
Acad. Sci USA, 1988, 85 5581. 

WO 94/28129 identifies a tumour metastasis gene 
of 2858 base pairs which codes for a protein which is 
expressed in malignant human tumours and their 
metastasis. The method used to identify it used a non- 
syngeneic system employing nude (defective) mice. 

Cancer research 54., 2785-2793 (1994) is a paper 
by the applicants. It discloses a method for showing the 
presence of metastasis inducing DNA, No disclosure is, 
however, made of how to recover the sequences for 
identification . 

Cancer research 54. 832-837 (1994) is a paper 
suggesting that antisense OPN DNA expression was 
associated with reduced tumorigenicity of these cells in 
the flanks and in lungs. The paper does not measure or 
investigate metastasis as such. 

EP 0607054 disclosures a process for 
constructing a cDNA library. It described a method, 
using linkers and PCR for identifying signal peptides. 
The application is not to metastasis at all and the 
approach uses expression vectors for detection. 

The major forms of cancer, including breast 
cancer, lung cancer and colonic cancer cannot be cured 
effectively because, although the current therapies may 
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be effective against the primary tumours, they are 
largely ineffective against the disseminating or 
metastasizing cells, which ultimately kill the patient. 
Despite the enormous effort in cancer research very 
little is known at the molecular level about the most 
important life- threatening process, that of metastasis. 
Most of the oncogenes and suppressor oncogenes that have 
been discovered have been found from their ability to 
promote uncontrolled growth of the mouse fibroblast cell 
line. The major problem in this field is that 
determining cell growth does not give a measure of the 
process of metastasis. In fact, although uncontrolled 
growth is an important aspect of the initial events in 
the development of a cancer, the rate of growth of 
distant metastases can be remarkably slow. Hence the 
process of metastasis is largely independent of processes 
involving cell-growth, except in its final phases. 
Therefore, it is unlikely that oncogenes and tumour 
suppressor oncogenes will have much involvement in the 
process of metastasis and be useful diagnostic or 
therapeutic targets for control and elimination of 
metastatic disease . 

It is one object of the present invention to 
identify DNA comprising, consisting of or containing 
sequences involved in metastasis, hereinafter referred to 
as metastasis inducing DNA' s or Met-DNA's for short. 

According to a first aspect of the present 
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invention there is provided a method of screening and 
recovering a regulatory DNA capable of inducing 
metastasis comprising the steps of: 

i. transferring tagged fragments of a human DNA 
from malignant, metastatic cancer cells into a cell line 
that produces only benign, non-metastasizing tumours when 
injected into a syngeneic animal; 

ii. injecting the transformed cells into the 

syngeneic animal; 

iii. selecting those animals in which 
metastasizing tumours have been identified; and 

iv. recovering the regulatory DNA capable of 
inducing metastasis therefrom. 

Preferably the DNA fragments transferred in step 
1 are fragments of from 0.1 to 50 kilo base-pairs, more 
preferably 0.5 to 50 kilo base-pairs. 

Preferably the cell line that produces only 
benign non-metastasizing tumours when injected into a 
syngeneic animal is a rat mammary epithelial cell line, 
such as, for example Rama 37. 

Preferably the fragments of human DNA from 
malignant, metastatic cancer cells are tagged to assist 
in their removal or insertion from or into a host or 
vector, such as, for example, the oligonucleotide tag 
illustrated in Fig. 1. This tagging procedure overcomes 
the problem of identifying the inserted human DNA 
sequences in the rat genome of the transfected rat cells. 
Human- specif ic repetitive DNA (Alu) sequences are spaced 
sufficiently in the human genome that in many human DNA 
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fragments of this size they will be absent. 

In one embodiment, fragments of human DNA from 
malignant, metastatic breast cancer cells are introduced 
into a rat mammary epithelial cell line Rama 3 7 which 
produces only benign, nonmetastasizing tumours when 
injected into syngeneic rats. 

By way of example only, the transfer of 
restriction- enzyme Hindlll -fragmented DNA from malignant 
metastatic rat and human breast cancer cell lines into a 
benign Rama 3 7 cell line produced a small proportion 
(1-3%) of transf ormants which, when reintroduced into the 
syngeneic rats, caused these cells to metastasise, 
principally to the local lymph nodes and lungs. In 
contrast, fragmented DNA from nonmetastatic cells and the 
standard oncogenes (Ha-ras, Middle T Antigen gene, and 
Large T Antigen gene) produced no metastasizing 
transf ormants . The latter result confirms the non 
involvement of such oncogenes in the metastatic process 
per se. However, the fact that metastasis can be 
transferred in a genetically dominant manner suggests 
that other dominantly-acting DNA fragments are largely 
responsible for this process. The full results of the 
above experiments are shown in table 1, which shows the 
incidence of tumours and metastases for Rama 3 7 
transf ected cell lines. 

The column headed "cells injected" gives the 
cell type in short hand, and full details are given 
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below : 

Rama 37 are Rat mammary 37 benign cells; 
R37-Ca2-LT1 is a cell line from a lung metastasis of Rama 
3 7 cells transfected with fragmented DNA from the 
metastatic breast carcinoma cell line Ca2-83 (Cancer Res 
54 2785-2795, 1994); B-Tl is a cell line from a primary 
tumour of Rama 3 7 cells transfected with fragmented DNA 
from the benign breast cell line HMT-3522 (Cancer Res. 54 
2785-2795, 1994) ; R37-Ca2-HT is a cell line of Rama 37 
cells transfected with tagged DNA fragments from 
metastatic transformant R37-Ca2-LT1; R37-Ca2-H is a cell 
line of Rama 3 7 cells transfected with untagged DNA 
fragments from metastatic transformant R37-Ca2-LT1; 
R37-B-HT is a cell line of Rama 37 cells transfected with 
tagged DNA fragments from the benign transformant B-Tl as 
a control; R3 7-F1 is a cell line of Rama 3 7 transfected 
with PCR fragment Fl from a cell line of a lung 
metastasis of R37-Ca2-HT; and R37-F2 is a cell line of 
Rama 3 7 transfected with PCR fragment F2 from the same 
cell line of a lung metastasis of R37-Ca2-HT. 

The b annotation in the column headed metastases 
identifies the transfecting DNA' s giving rise to 
significantly more metastasis than Rama 37 cells (P<0.05, 
Fisher exact test) . The animals were autopsied after 3 
months . 

To aid the rehx:ue of metastasis -inducing human 
DNA sequences from the rabv transformant cell lines, all 
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the Hindlll- fragmented DNA' s from one such metastatic 
t\ansf ormant , R37-Ca2-LT1 (Table 1) were tagged at both 
endsvwith double -stranded synthetic oligonucleotides that 
provide restriction enzyme and unique PGR primer sites. 
These are shown in Fig. 1 The tagged DNA fragments 
include 4 ivestriction sites: Sfil and No tl , a defective 
Hindlll siteXat the 3' end for linking to the Hindlll 
sites at the ends of the human DNA fragments, thereby 
destroying it, ano,^^ an internal Hindlll site located near 
to the 5' end, which when cut after ligation generated 
new fragments with Hindlll ends. The fragments were 
transfected into the parental Rama 3 7 cells, and after 
transfer of the cells to fche mammary glands of syngeneic 
rats, metastatic cell lines were isolated from the 
resultant rat lung metastases,^^. The tagged, fragmented 
DNA incorporated into the metasts^tic transfected Rama 3 7 
cell lines was directly amplified loetween the tags by PGR 
and yielded bands at about 1300 tis? 1500 bp that were 
responsible for the metastasizingX ability of the 
transfected cells. These results are ^hown in Fig. 2 
which shows the DNA fragments produced by PGR of 
metastatic transf ormants . Two new cell lines, 

established from the culture of lung metastases of 
R3 7-Ga2-HT (tagged, metastatic DNA transf orma^t ) and 
R37-Ga2-H (untagged, metastatic DNA transf ormantV (see 
Table 1) in rats were termed HTLu and HLu, respectively. 
They were run against the tagged benign trans formant ceiJ. 
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JLine R3 7-B-HT and the tagged metastatic transformant 
RS7-Ca2HT. Cellular DNA was amplified by PGR using a 
shoVt oligonucleotide primer of 22 bp from positions 3-24 
of tn^ tag sequence as shown in Fig. 1. Compared with 
the corrtrol DNA' s from HLu and B-HT cells, two extra 
bands, f\ and F2 , of about 13 00 bp and 150 0 bp 
respectivelyv. were specifically amplified from genomic 
DNA of the Ca2vr-HT and HTLu cells when PCRed DNA samples 
were run on 0.8%^garose gels containing ethidium bromide 
and photographed iri U.V. light. The fluorescent bands of 
DNA are shown in negative imaging for clarity. Cloning 
of these pooled DNA' s Vielded six independent fragments 
and the results are illustrated in Fig. 3. Fig. 3 shows 
pBluescript clones of metastatic DNA fragments Fl plus 
F2 . The two broad PGR DNa\ fragments Fl and F2 were 
excised from the gel in Fig. Ns, combined, and cloned 
directly using the AT procedure into a suitably modified 
pBluescript vector and the clones ofXrecombinant vectors 
were cut with Hindlll to excise the ^cloned fragments. 
These cut recombinant vectors were anaJVsed on a 0,8% 
agarose gel containing ethidium bromide anov photographed 
in U.V. light. The sequences of some clones ^g. CIO and 
C9-DNA's were identical; the six independent ^Bequences 
arose from clones numbered C2 , C5 , C6 , C9 , C12 and \:2 0 and 
hence are referred to as C2-DNA, C5-DNA etc as shown in 
Fig. 3. The position of the vector (Vec) DNA and inSiert 
(Ins) DNA are indicated and a standard molecular weight 
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la<Mfe;r in kilobase pairs (kbp) is shown in lane M. 
Transfecbion of these cloned DNA fragments singly into 
the parent aOXbenign cell line confirmed that all 
fragments (C2 , C^VC6 , C9 , C12 and C20-DNA's) produce 
metastases . These ar^shown in Table 2 which tabulates 
the incidence of tumours kla^ metastases for Rama 3 7 cells 
transfected with cloned Met-i»^A's. The superscript a - 

e indicate: \ 

^Benign nonmetastatic Rama 3 7 cells were 
transfected with pSVneo or with pSV2neo and different 
independently- cloned inserts of the pBluescript library 
of pooled Fl- and F2-DNAS termed C2-DNA etc. or with a 
cylomegalovirus expression vector pBKCMV (CMV-l) or with 
the CDNA for osteopontin (opn) cloned into the same 
expression vector pBKCMVopn (OPN-1) , 

^'Trans feet ants were tested for their level of 
opn mRNA relative to that in Rama 3 7 cells by Northern 
hybridisations to opn CDNA using a Shimadzu CS9000 
scanning densitomer. RNA loading levels were 

standardised with respect to a 36B4 ribosomal protein 

constitutive probe . 

""Transf ectants were tested in the mammary glands 
of rats for the percentage (%) of tumour-bearing animals 
with metastases in the lungs after 3 months. The 
incidence of tumours produced by all transf ectants was 
100% . 

"^Signif icantly higher levels than for Rama 3 7 
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cells (P<0 . 05 ;Mann Whitney U test), 

^Significantly more metastases than for Rama 3 7 
cells (P<0 . 05 ;Fisher exact test). 

Thus Koch's postulate has been satisfied for 
all metastasis- inducing-DNA's (Met-DNA's) in this system. 

Southern hybridisations- and PGR amplifications 
have established that the Met-DNA's are specifically 
present in their respective transf ormants . 

Fig. 4 shows detection of C9-DNA in 
transf ormant cell lines. CelL^ilar DNA was isolated from 

(A) a cell line from a lung metastasis produced by 
injection of C9-DNA transfected Rama 37 cells in rats; 

(B) C9-DNA transfected Rama 37 cells (see Fig. 3 and 
Table 2) ; (C) benign Rama 37 cells; (D) benign BT-1 cells 
(see Table 1). These DNA' s were digested with Hindlll 
and the digested DNA was analysed on 0.8% agarose gels 
either by (A) Southern blotting to a probe of [^^P] 
radioactively labelled C9-DNA, and the radioactivity 
visualised on X-ray film or (B) by PGR using the 17 
oligonucleotide fragment from either end of the C9-DNA as 
primers and run with a standard molecular weight marker 
ladder. The newly synthesised DNA in B is visualised by 
fluorescence of the ethidium bromide in the gel in U.V. 
light . 

SurprisingPy, the sequences of these Met-DNA's 
(sequence 1 to 6 hereafte!t^ although human in origin, do 
not correspond to known genes^nd most do not include any 
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known open reading frames . Furthermore none of these 
Met-DNA's are expressed as mRNAs in their transf ormants 
and hence are not dorrhLnantly- acting oncogenes. They 
therefore contain entirely novel short stretches of 
regulatory DNA capable of inducing metastasis. 

The state of the Met-DNA's has been investigated 
in the metastasizing transf ormant cells. Bands of 
greater than 23kbp which hybridise to the C9-DNA probe 
have been obtained from Hindlll digested C9-DNA 
transf ormants, and pulsed-field gel electrophoresis 
yields multiple bands of about 16-48kbp after similar 
digestions as shown in Figure 5a-d, 

Fig. 5 shows the detection of Met -DNA in 
transf ormant cells. The cellular DNA was isolated from 
: (A) a cell line from a lung metastasis produced by 
injection into rats of C9-DNA transf ected Rama 3 7 cells; 
(B) C9-DNA transfected Rama 37 cells; (C) benign Rama 37 
cells; (D) benign primary tumours of R37-BT-1 cells. 
These DNAs were digested with excess Hindi II and the 
digested DNA was analysed on agarose gel (a) with 
continuous electric field; (b) with a pulsed electric 
field; or (c) by PGR using 17 mer oligonucleotide primers 
from each end of the C9-DNA; (d) These DNAs were also 
digested with excess EcoRl and analysed on agarose gels 
with a continuous electric field. The resultant gels 
were either (a.b.d) Southern blotted to a probe of [^^P] 
C9-DNA without tags and the radioactivity visualised on 
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X-ray film or (c) the newly synthesized DNA was 
visualised by fluorescence of the bound ethidium bromide 
in U.V. light. Controls with (a) C9 DNA in lane P and 
(c) standard molecular weight marker ladder in kilobase 
paris (kbp) in lane M were also run. This result 
strongly suggests that the flanking Hindlll sites have 
been destroyed by the transf ection/integration process. 
The highest 4 8kbp band is preferentially retained by the 
cell line isolated from a lung metastasis (Figure 5b) ; 
thus is is likely that this represents most of the 
metastasis-inducing DNA (Table 2) . The C9-DNA 

transf ectants contain about 10 0 copies per haploid genome 
of C9-DNA when compared with a single copy (Figure 5a, 
lane P) 10 copy and a 100 copy DNA control. PGR 
amplification of the integrated DNA using primers 
complementary to the cDNA adjacent to the untagged ends 
of C9-DNA produces a single Ikbp product showing that the 
integrity between the primer sites has been maintained 
(Figure 5c) . However, digestion of the DNA of C9-DNA 
transf ectants with EcoRl (which cuts once internally 
within the C9-DNA) and hybridisation with a C9-DNA 
specific probe yields predominantly a Ikbp band of 
similar size to the original C9-DNA insert (Figure 5d) . 
This Ikbp band probably arises from the digestion of 
tandem repeats of C9-DNA. Similar results have been 
obtained with C2, C5 , CG , C12 and C2 0-DNAs. 

The occurrence of C9-DNA has been investigated 
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in pilot studies in the DNA of human breast cancers. 
Hybridisation of C9-DNA occurs to Hindi I I -digested DNA 
from 4 out of the 9 breast tumours tested, whereas no 
hybridisation signal is detected from similarly-digested 
DNA from normal human breast or colon tissue. In this 
case a single hybridising band of lOOObp is detected 
(Figure 6) . 

Figure 6 illustrates detection of C9-DNA in 
human breast tumours . Cellular DNA was isolated from a 
selection of nine randomly-picked human breast tumours 
numbered 14-13 0 and from normal breast and colon tissue 
together with C9-DNA as a control. These DNAs were 
digested with an excess of Hindlll and the digested DNA 
was analysed on agarose gels. Southern blotted on to a 
filter and hybridised to a probe of [^^P]C9-DNA without 
tags and the radioactivity visualised on X-ray film. 
Similar results have been obtained using PGR for C9-DNA. 

According to a second aspect of the present 
invention there is provided a regulatory DNA capable of 
inducing metastasis consisting essentially of a human DNA 
fragment of less than 1.6 kilobase pair in length 
obtained from a malignant, metastasis cancer cell. 

Accordin^v to a third aspect of the present 
invention there are provided DNA consisting essentially 
of a regulatory DNA capab^ of inducing metastasis from 
sequence 1 : \^ 
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CTTGACAGAC 
CACACTCAGG 

TTGTGTGAGC 
C-GAGGCTCTT 

AAGATACA-GA. 

CTTGAACTCA 
TGATGCTCTC 

CACTGAC-AAA 
T G-GAAT C GC T 
AT AAC TC C CA 



GCTCTA.TGTC 
TCTGGGA-CA-G 
TTGA.CGTA-C-C 

TA-AC T GSi.GC^^ 
(^^^* r f ' — — — — 

AGC A-TG GC GT 
CTTCA-GTA.TT 
AGA-ATC C C A-A 

- GC ATTG 
GTGGGAA-GCA- 
i Q ^ GAA CTTT' 

i i 1 i i (3-' i ''"i^G 

CTCCCA-CGGC 
C ATCA-C CA-GA 
CCCCA-GA-AA-C 



TTC-CCTCTCC 
TCCCCTCTGC 
CTCCCATCTG 
GAC-CTCAGAG 
GCCAATTGGA 
GATGGGT C AC 
G TAT C ATG GT 
AGC-GGAA-.C C A 
TGCGTCAGGA 
GACTGTGTTT 
CTTACTGTTG 
GC^TTTGAT 

GC'^C^'^GC ^ C 

CTCTACAGCA 
GGCTCTTAAC 



CCTTCTCCA.G 

GATGACCTA-G 

TGACTAA.CCC 
ATCTGAGAAA- 
GTGC AGC AT A- 
CTGGTGTTSG 
GAA-A.^-C GAGA 
TCATC-CTCCT 
GTA.T T C AA-GT 
i ^ — '^GCA GC*^ 



GAGACGTTA.G 

^rj-!^ i — C^C"^ C 

TGAGATTA-TA- 
ACTTGGAGAA 



TC C C ATT A.-.G 
GCGCCTGAGT 
TA.GA-AGACGT 
AGTCTGGGGA 
- G - C^ \T'^G^ 
GGTTTCTAC-C 
CTCAGGCTGC 
AACATGGTCC 
GTCTGTGA-CC 
TGTGGATGGG 

i i iT'GC'T'T^'i i 

TGTCCTTGTG 
(3''^''^ — '"^GGi* G^ 
TCTGTCCTGT 
CA-C C GATAGA 
Ar C^G^*^ CT 
CTCA_AGA-CCC 



GCATA-ACCAT 
CCCTTTTTGC 
GG GAA.GTT G T 
GCCTCGAGGA. 
CACTTTAGGT 
AGTC-GTC-GCC 
TTGCA-A-CA-CT 
AAGAA^TA-CA-G 
TCCA'TTCTTC 

ATTA-TCCTGG 
i T T GATA-C T G 
AG A-AAC T G T C 



CTCAGTCTTT 
AGATGATGGG 
CTTTGTAGA_C 



1 'Lr^ ' 



According to\a fourth aspect of the present 
invention there are provided DNA consisting essentially 
of a regulatory DNA capables^of inducing metastasis from 
sequence 2 : 



C5 



ATTGCTGTGA- 
TGTGGTCAGC 



.—^ ^ rp rp /-^ 



GCCTA-TTAC-C GACATTTGGT GA.CGCCCCTT TTA-AC-GGGGT AGA.TA-CA-AAG 

AA.TTCTGTC-C CACAAACGCT CTCCATGTTT TCA.CAATTAC ACTTGCAAXC 

k GC CA.GAATT TAGGGATGTG ATC-GGA.CAGG GTCC-C-GGAAA GA-AGGAGA-\G 

G^.^I^SgG^J VgACAGCACG TTJ^-AA.GTCCA A.iCAGCTCCA C-GAGACTATC ' TGTA,GAA-ATA 

•^C'^TC^G^CC ATGA.GGA-GAA TTGATATCAT TGTTTTTCAA. TC-C-GTATCC-G CAA.GOGAACT 

' " ^ :ijijijiji.T':i_i ^TACTGCTGG CACTAAA.TCC AA-TTGGAAAT GCCCCAXA.CA 

CACTTCATGC TGCTACGATA TC-CCTGACGT C-C-CC-GAC-CAG AA-C-CATTCCC 

^-TA-AATAGTA CTTTGTAAA.T ATTTGGA.GAC C-GGAGCTCTG C-TGACAGG-GA 

Ir^CG'^^C^J^ ACCC-GCCTGT TTATCATGTT CCCGATA.GAG C-CCCTCTTTG ACGTA-CA.G-GA 

rcCCAJjC^C-' GTCA-OGATG-C TGTGAATTTC CTTCCA.TGAA, C-CCTTGTTCA. CAATTA-GCAA_ 

'^c vttgg-^'gg aagca.ggctg gactgtctac cacaagtc-c-g actttccaaa. gagcacacat 

kji'GA.CATTTT C-CTGGCTGAC TC-GTGCTGTG TAJ^X-CTGATA. AACTGCTATA 

t'g'gCTTTTCT TTGAACACCC CACTCAAGGA AAJijy^Ji-A---CA CACTTA.C-GGT 

^~^','.^^",.-P^:^ GGAGATGAi^-G TGTTTATAGA. GA.TGCTTAAG TTTAJ^JVCGAG ACTTTTAAA.G 

^'^VC£^^%^.-r. --rcCATTTAAT GAATC-GTGTC CCTACAAJi.GG AAGAAACTG-G GACA-GA-GGTA. 

^X^^lQ^'r^ri '^•GTGTGTGTG AGAGACJ^A-GG TGAGGAC-CTG AAGAGGAC-GA. CGTA-CAAGTC 

^^G-G^X^^— C '^GA-CCCTTAT TGACAGTGAG CAJ^JVCCAGTC ATGTGTGC-GT CGATAGA- GA- 

GJiGT^TGCCC CAAGA.CTCAC AGATTGGAAC C-CTTC-GTC 



>, 12. T'T'GG - G 

TTTATTAA-A-^ 
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According to\a fifth aspect of the present 
invention there are provi^d DNA consisting essentially 
of a regulatory DNA capable\^f inducing metastasis from 
sequence 3 : 



AG AG TT C AC AT C ^ 



— — G 



GAG'i"'^"-'- 
QA ^''-^-GA~ 



TC-CA^CA-CAGA- 
^ i — — AA-A 



^ GGA.GA-A.GGTT TT---ATGCTGT GTTTTG 

rGTGGACATA. GA.GTTA.GAGA GAGAGAGATT GA.G-GA. 
iiiiii^r'T'm 2. AAA_--TTTTA AGGTAA_AA-TT 



:c 



"T^ r**^ 



gcctccagag ataggagtag ag-g-gg at gg-^g 



•,T GTGGTTTGA*^ 



AG-^GAGGTTT G-GAA.GA-G 



AGATG-GTTGT 
TGAGTG-CTGT 



nrr^ GA— AA^T 

- '^GG'^ - '^'^ - G AGAjTG-GTTGT 
:AGGAT GTG-GTTTGAG GA-A.TTGA_AGT 
TA-AGGTGTJ^J^. GG 



rAGG TA.GAGAGAAC TT^^i 



T G G G--.G AA.G T AJ^-GAJ^-T ------- 

r* ^ G'^G'^^'^ AA_AGTAG^-=--— i — - 
GGGA.GTGGTG GTTTTA-AGTG- 

tgtaga-ggag 
£a-G<k:ttgtg 
'-m - g^atgtg 



C-GA-GGGAAA.G AAGA-TTGGTT TGAGATT 



GTGA.GGCTTA. 
GA- GA. TTTT T G 
GGA-GTGG-GA-A 



TGA-G'^GG-'^G'^ GGGTTGTGAT TA-GTGTTGGT 



- - GG'^G - G'^ - 

GGTGGGATTA- 
^■C~r~r r tt ^ — tt 



Q 2. GG'^'^G'^'^'^ - TGT AA '^'^'^ - 
ITTTA-AGAGA- GA.GA.GTGAGG 



T-^^iG'^T'T^GAG GA-TACGGA.GG 
ATATAGGGGT QGQ.'ZGQ:^^!:^ 



i ^ i. 's^-.Tw^- ^ 



GTA-CGA-\GTG 

"AAG-GTAGGA, GTAJ\GTAG-G 



iAACTGAJi ^GG -GATGTATGT (^llllC-QSil^jy^ 
rG<:-TGTGAG^ CTTTGGAG-CA. Q^CiyZQ^i:^ 



G'^ Q-T^rp/^'T^ ri. G-GAA 



GTTGTT 
GA.GJi.G-GTGAJ=^, 



A-TGGT 



— >— ^ 7^ :^ .-T-:rrf/^^ 



CGAC-GACAJ^--- G-G-'GA.GTGAGT AA-AGGTGG-G<: GTCA.TTTG.--'^ 
'T^GTG-GTCTT GGTGTGTGGT GGTGGA---- 



According to\a sixth aspect of the present 
invention there are provr^d DNA consisting essentially 
of a regulatory DNA capable inducing metastasis from 
sequence 4 : 



G9 

AGTTG-G-GGAX 
ATTTGGA-ATG 

(2 '^T' ^ i TT" ^ i — 

A-AGTGA.GTGA 
GTTA_--G-GTGT 
AA-G G AGGG A-A 

(^T'/^TG - '^'^ - T 

GATATGACA.G 
GTTGTTGGA-G 
G-A_\GATGCTG 
TA.TGTG-GTA.C 
GGTGAG-GAGA 
G G AT T A.T GGA. 
GA TTTTT GA-A 
G-G-TGGTGGTG 
GAA.TG-GAGA_A 
AGG T G A.GGTT 
TTTGGTGG 



AGA.GGTTGGT 
GA-AAGG A-G TG 
AGCTGTCTGG 
TG-GA.GCGA-TT 
G-GTA-TGGGTG 
CTGGATCTGA- 
i GGTGTTGGG! 
'-^ GA GCA-AGTT 
CACGTGAG-GA 
ATGGCAXTTT 
TGGA.TTA-AGT 
AGAjTCTG-GTG 
AAGAA-GGAXT 
GTATGAjTA-AG 
^^GCA-AGGA- 
GAAG-CAGTTG 
CACGTGC-G-GT 
TGTG-GGTATG 



rr-Q i GTAA-GAT 
C T A---TT GG GG 
GAGTC-GGGTT 
GTA--,GGGGTG 
TGTGTGGTGT 
GGTGGGTGAG 
T GT GAG G T G A_ 
TGA-GACTGGG 
GTGGTGTGCG 
GTGTCGAGAG 
GTGAA-GA-GTG 
G-GTGAATGAG 
GGTGGCA-GAA 
TGA.GTG-GAGG 
CCAJLAAGTGA. 
G C TTT A-C T GG 
TTGGGGTGGA- 
<v<"<Z, TAT GAG T 



GTTTGTTG-GG 
AGGC AA-T GTT 
TGGTGTTTTT 
GTT C TT GGTT 
GGTTA-GA-GTG 
G-GA_AA-G GCA-T 
GA i'^T'G'^GAG 
CTGGGA_ACA_A 
GA GAT G A-T 
AGGGGA.GGTG 
ATTGGTGGTT 
TTGA-TGGGCT 
AGG A.C A.GG TT 

rp ^ rpi^ ^ — Gr^ " ^ 

AG T C A_AA-AA.T 
ATTGTGCGA-G 
GA.GGCGA.CGA 
TGGA-CTTA-CT 



— — i — GG — G*'"'"^ 

GGGTGTGGGA- 

GCGTGGTGAG 
GA-GGTGATTG 
^^^GGA ^ ~* GG*^ 

i i iTHTHiiG 

AA-GGA-GGTGG 
GCCGA-GGA-TG 
TA-TA.GGTGGA 
TTA.TTT G AGT 
TTA-AATGTGT 
AGTTTA-GGA.G 
CAAGCA-TGGG 
TTGAGGGTA-G 

^'T^TA-TTGGA-G 



AA_GG GTAATG 
GA-GA-CGTGGG 
G-G-GGA„AG-GGA- 
GGTGTGTCGA- 
GCGTTGGTGA 

T G A-A-GGG T A-A 
TGA-GTGAGGT 
GTGCTGGGGA- 

GTTGTGGTGT 
GA.GGTA-TTTA- 
GGGTTGTGA-G 
GT GGTA-AAA-A- 
A-TGGA-TGCTG 
GGTTGGTTCT 
GAA-ACA-GCTG 
2. T A-TA-AAT AT 
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According \:o a seventh aspect of the present 
invention there are provided DNA consisting essentially 
of a regulatory DNA capa£>s^e of inducing metastasis from 
sequence 5 : 
C12 



CGGGT'j?AC-AA 
i 1 G - -—AAA 
CAGAGTGGAC 

GGTTCTGAAC 
CCGGA-A-CGTT 

T T GT AAT AT A* 
GCCCCLkCGTG 
CAGGGTAGCA. 
TGCL--GAGACT 

JLJ-v— — — — — ^ 

— — ^G — G 

TTGGTTGGGG 
CGTGTTTGTG 



TGGGA-CAGTT 
d^XTTAJLPlAGG 
GAJGATCAGAA 
AGTGGTGTTG 
GGATTTGGTT 
CTTCCTGATG 
i i n.^n^^T-^T' 

AATA-ATTTTG 
G - ^GGTTTTT 
GCCTA.GA-ATG 
GGCTTAGTCG 
TTGA-AAGGTT 

GTGA-GATA-TG 
C - GTTTGAT 
i ^i. c AAC 'GAGT 



'iTG'^TTTTGT 
CCTGAGGGGA 
- GG'^'^GTTGT 
GAGGG AC ATC 
GCACAGTACC 
CTTCGACCCT 
TTGTTGCTGT 

aagaaagagg 

C G T CATTT GG 
TGCTACTTAG 

rpQ ii. GAAACT 

T'^CTAGTCTT 
AT AG AGGG G A 
TTGTCATTAG 
GTTTCGTGTA 
'T^GATAACCCA 



AGGA_\GGGTT 

GG"'^C — G ^ " 

T GG A-TC AC AG 
GAGTGTGGTG 
n^n^ Ti_ii_'T'ji_c AG T 
TC A^T A-AC T GT 
TTTGCCAAGG 
GGTTTTTA-TG 
CTGA.GGAATA 
G ^ ^ GC ^ 
TTTCCA-CCCT 
i i i^^zi. i — CGC 

ACCA-CA.TCCT 



GGATGAACCT 
TAA---TCGCTA 
AGGACAA-GTG 
GAGGGTCAGA 

1 

GCCTCATGGT 

GTTTGAGAAC 
AC-GGA.GAGTC 
ACCTTGGAAC 
GGA-GTTTGGG 
GTCGGCCCCC 
C T G AAT AAC G 
C-G^ GA-T T AAG 



AC G A-T A-T C T A 



CAA-TGGACCA TGAAGCAACC 



CAGGAGA-GGT 
T G AA-T C T G A C 
"^GA GC^ ~ — 
TA-ATGTCCCC 
ACA-GCCCAX-C 
CTGGTGACCT 
C T GTT A-T G AA- 
TGCTGTTCTA. 
TTA-TGTA-GGC 
TTCTGAGGAC 
TA-CTTGTGGG 
TAA-CA-CTA-AA 
T'C - GTA-GTTG 
C-G GA-GTC AAG 
CCTGTTGGTT 
AACCA-ACCAT 
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According ^Xp a eighth aspect of the present 
invention there are prodded DNA consisting essentially 
of a regulatory DNA capablX^of inducing metastasis from 
sequence 6 : 

C20 



TTGTCTCTGG -5;^;:-^ J^:'^' 'CrC^^-^'^^C CTGTTTTCTT TGAG-CGAGTT AGAG-<1?^-^GAG 

GTGTGTCAG-G ^^^^^^^^ Ct;;"^':;;;^^ -T^^C-C-G ^G^-^^GAAG-G TGTGTGTGTG 

TGTGAGATGi." G i.----^ ---- — "--^-^^^'^^^ 'V^^^^^-.,-- OC.Z^Z:GZC^'^Q: 
^ _ ^^,„^^-,^^rn (3^:1,0 TGG'GGG GGTAGG^w --^ 

.^TGv.-iC-^.---- ^-::"^^rc -CTC-AAGC-TC TAG-CTCTCCC T 



iT^^- ci:g^-c:P'-GZC-g tttgaggtt gtai--v---^c 

TTTG GT 

- - /— f^^/""^' AG Gj — - ^ — — — — — — — _ _ 

---"■^"-■^-jrr -^^^-.^^^cCT CTAGAGGCTG ?_i-ATG.GGGC A-^^GAG .---v--. ScS;:;:":^; 

.-r-cT^ ^ >Gr.-PC T^^G-GTCTCCC TTCCATC-C-GA TA.TG«--^-iC---- 

:gtcttgccc cgc-g-gcagt ctggj^.ccgca gggtcctgta 

C-GGJ:.GCTGTT TGACCAGGTC Ci^.^----.-C c-TTTGCTGTT GGG-CCAAGGA 

GGTTGGCTC-C TGGAATCTTC C^G.jC.C„G TAGCGTCTGA GGATTGCCCT 

TGTGGGCAJ^^ C-C-TGC-^-^^-G--. ..C^----- ^ AGGAC-GGAC-C TGTGC-GCCGC- 

CACTTCTGG-G CAA.TCCGGTC -^^^t^ ^C^^^ GTGTGAGG-TC CCAGAGGAAT 

TATCAGGCA_^ ^^^^Z^ c'^'-COG-G CAfGrGTCAGT^ GGAG-CAGAJ^A AATTGGTTTT 
TTTGGGTTTG TGTGrGCiG^- C-i.^;--CC^-^ TTTGAGGTGT ACCTGTC-GA.A 

-:S:;:c-^:.; cViSciG-cA.^ GGGTTGTGTA AAATGTGTAT 

GTC^GGATGA AAGCTAGGGT GTCAAGGAGT 



:gcg-AT 



^-"■^--'Z. '~Z^^.c.-^r c^.^T-^CI^-T^- TTCTTTTGTG CCC 
CATGAGAAZT CTGTGTCACx C-^-i;---::^-:- ^'^l^^^ TGGTGGAGGC .AA.:iACTTTTA 

-G-^GG-CAC-G- A^GAAA-^.CAC G^ --::^'-:cG.'--'--G ^^'T-.^_.T'^_TACA CCCTAG-CAGA 
- _, -. --iG- iGGG CGGGGAC'^C-^ A^^^^^;^.( ^ 

Detailed examination of their DNA sequences has 
confirmed that the six Met-DNA's bear little relationship 
to one another. C6-DNA shows 86% homology to 102 bp of 
the rat WAP promoter (Nucleic Acids Res. i2. 8685-8697 
1984) with a novel duplication of 30 nucleotides of this 
region. All Met-DNAs contain recognition sequences for 
transcription factors TCF-1 (EMBO J. 10. 123-132, 1991) 
and HIPlb (Mol.cell. Biol. 10., 653-661, 1990). Moreover 
all but one contain recognition sequences for CTCF 
(Oncogene 5, 1743-1753, 1990), HIPla (Mol . Cell . Biol . 10 , 
653-661, 1990), NF-1L6 (EMBO J. 9. 457-465, 1990) and 
regions of potential Z-DNA (Nature 282 , 680-686, 1979) , 
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with C6-DNA containing a tract of 23 alternating purine- 
pyrimidine bases. Thus these novel sequences all contain 
potential regulatory regions for transcription of DNA 
into mRNA but no known coding or viral -related sequences. 

According to an ninth aspect of the present 
invention there is provided the use of an osteopontin 
gene as a metastasis inducing transf ormant . 

In one embodiment Met-DNA's, are introduced into 
a benign rat mammary epithelial cell line Rama 37. 

By way of example and to help identify the 
regulatory function that short stretches of human 
malignant DNA (precursor to Met-DNA's) may exert on the 
transf ected Rama 3 7 cells, the mRNA expression of the 
metastatic transf ormant rat mammary cell line R3 7-Ca2-LT1 
was compared with its benign parental cell line Rama 3 7 
using subtractive hybridisation techniques. Of the four 
subtracted clones three corresponded to known rat genes 
for proteins including osteopontin and one corresponded 
to a novel rat gene of unknown function. As an example 
only, transfection of rat osteopontin cDNA into the 
parental Rama 3 7 cells produced transf ormant s that 
induced a high frequency of metastasis compared with 
vector controls confirming the metastatic capability of 
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the osteopontin gene as shown in Table 2 . 

These overall results have established a causal 
relationship between the Met-DNA's and metastasis on the 
one hand and the over- or underexpression of certain rat 
genes, at least one of which is novel, that are linked to 
the metastatic process in this rat system. Controls with 
DNA' s from nonmalignant , nonmetastatic sources as well as 
the oncogenes Ha-ras-1, Polyoma Large T Antigen and 
Polyoma Middle T Antigen failed to induce metastasis 
establishing the specificity of the inductive processes 
in this system. 

At present the most useful indication of whether 
a breast or other common cancer will metastasise in the 
future in a patient is whether the primary tumour has 
already spread to the local lymph nodes . This test only 
works on a population basis. For example, in breast 
cancer, there are many examples of patients with no 
tumour in the lymph nodes at presentation who later die 
of metastatic disease and of patients with metastatic 
deposits in the lymph nodes who live a normal life-span. 
Thus an accurate test of good predictive value for the 
occurrence of metastases would be important in selecting 
those patients for vigorous conventional chemotherapeutic . 
treatments without causing the potentially harmful 
side-effects in those patients who do not need this 
treatment . 

According to a tenth aspect of the present 
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invention there is provided a probe specific to a 
regulatory DNA capable of inducing metastasis. 

By specific is meant hybridises to any target 
DNA under suitable salt and temperature conditions to 
allow detection of identical or related DNA molecules. 

Preferably the probe is provided as part of a 
kit which may additionally comprise one or more of the 
following: a colour indicator; an oligonucleotide 
primer; materials for gel analysis, and/or materials for 
DNA transfer or hybridisation. 

The Met -DNA sequences may be detected in tumour 
or biopsy specimens by standard Southern blotting, 
PCR-based or in-situ techniques to identify those 
patients at risk from metastatic disease. Physical 
methods of detection based on imaging techniques may also 
be possible. Expression of metastasis - inducing genes 
may be detected by standard mRNA hybridisation PGR 
amplification or by antibodies specific for the 
gene -product . 

According to a eleventh aspect of the present 
invention there is provided a medicament adapted to 
target a regulatory DNA capable of inducing metastasis 
as claimed in any of claims 7 to 13 . 

In one embodiment such Met -DNA' s, 
metastasis- inducing genes or fragments thereof, could be 
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targeted in the cancer cells to excise or block their 
function using synthetic oligonucleotides based on a 
knowledge of the sequence of the Met-DNA's, 
metastasis -inducing genes or fragments thereof, of the 
invention . 

In another embodiment such Met-DNA's, 
metastasis- inducing genes or fragments thereof, may be 
targeted for treatment using standard antibody and 
antisense mRNA/ribozyme techniques for detection and for 
destruction, respectively. 



